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Abstract
Nowadays, agricultural practices should combine high yields with a sustainable use of resources. Different tillage practices
and crop covers, if combined, may help to achieve both objectives. In this work, several traits of a soybean (Glycine max L.
Merr) cultivar were studied under different conditions of tillage and previous soil coverages. The experiment was installed at
Lageado Research Station, Botucatu county, SP, Brazil, on a Paleudult. It consisted of nine treatments (combining three sys-
tems of soil tillage and three cover crops) and 4 replicates, yielding 36 plots of a randomized block experimental design. The
soil tillage systems considered were: (i) conventional tillage with two heavy harrowing and a levelling harrowing; (ii) chisel-
ing, and (iii) no-tillage with chemical drying of vegetation. The three cover crops used were: black oat, sorghum and sponta-
neous vegetation. Analyzed variables were: plant height, initial and final plant densities, height of first pod insertion, weight
of a thousand grains, number of pods per plant, number of grains per pod, and crop yield. No significant differences were
observed for most of the analyzed variables; however, conventional tillage produced significantly heavier grains and a higher
number of pods per plant. The selected covers were considered an excellent coverage prior to planting soybean in a crop rota-
tion. The three tillage systems can be used for deployment of culture without compromising the development of soybean.
Additional key words: black oat, chisel, Glycine max, heavy harrow, sorghum, yield.
Resumen
Efectos de diferentes sistemas de laboreo del suelo y coberturas vegetales sobre la cosecha de soja en la región de Botu-
catu en Brasil
Actualmente, las prácticas agrícolas deben combinar elevadas productividades con un uso sostenible de los recursos. Dife-
rentes sistemas de laboreo y coberturas vegetales, combinados, pueden ayudar a conseguir ambos objetivos. En este trabajo se
han estudiado diversos aspectos de un cultivar de soja (Glycine max L. Merr) sometido a diferentes condiciones de laboreo y
cobertura vegetal. El experimento se llevó a cabo en la Estación Experimental de Lageado, Botucatu (São Paulo, Brasil) sobre
un Paleudult, y constó de nueve tratamientos (tres sistemas de laboreo y tres coberturas vegetales combinados) y cuatro repeti-
ciones, totalizando 36 parcelas con un diseño experimental en bloques aleatorios. Los sistemas de laboreo considerados fueron
(i) laboreo convencional con dos gradas pesadas y una niveladora; (ii) escarificado y (iii) no laboreo con desecación química de
la vegetación. Las tres coberturas utilizadas fueron la avena negra, el sorgo y la vegetación espontánea. Las variables analizadas
fueron altura de las plantas, densidad inicial y final de plantas, altura de la inserción de la primera vaina, peso de mil granos,
número de vainas por planta y de granos por vaina y productividad de la cosecha. No se observaron diferencias significativas en
la mayoría de las variables; sin embargo, el laboreo convencional produjo granos significativamente más pesados y un mayor
número de vainas por planta. Las coberturas seleccionadas se consideraron excelentes previas a la plantación de soja en una rota-
ción de cultivos. Los tres sistemas de laboreo pueden implementar el cultivo sin comprometer el desarrollo de la soja.
Palabras clave adicionales: avena negra, escarificadora, Glycine max, grada pesada, producción, sorgo.
Abbreviations used: CT (conventional tillage), masl (meters above sea level), NT (no tillage), RT (reduced tillage), UNESP (Universidade
Estadual Paulista “Júlio Mesquita Filho”).
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Introduction 
Development and improvement of new technologies
is one of the challenges in current research on agricul-
ture. This development is mainly related to agricultural
machines in order to evaluate or increase their efficien-
cy under different conditions (Camacho-Tamayo and
Rodríguez, 2007; Serrano and Peça, 2008; Serrano et
al., 2008). Furthermore, as pointed out by Barrios et al.
(2006), agricultural scientists are searching for new
ways to enhance crop production, reduce costs, and
improve soil and water conservation while reducing the
environmental impact of agriculture.
Soil tillage systems are important factors in the con-
servation of soil physical, chemical, and biological
properties since they are able to control, or even reduce,
erosion and losses by runoff (Bertol et al., 2004). Con-
ventional tillage favors water erosion processes because
it promotes an excessive mobilization of topsoil. On the
contrary, conservation managements reduce the mobi-
lization of the soil and, therefore, maintain vegetal
residues on the topsoil improving the environment for
plant growth (Negi et al., 1990).
Conversely, a number of authors (Dickey et al., 1984;
Lopes et al., 1987; Amado et al., 1989; Carvalho et al.,
1990; McGregor et al., 1990, Schick et al., 2000, Salako
et al., 2007) have described the benefits that crop cov-
ers provide to the soil when remaining on soil surface.
These coverages decrease water and soil losses mainly
because of the protection they provide against the
detachment caused by raindrops; moreover, they consti-
tute a physical barrier to runoff.
In addition, vegetal residues, incorporated or not to
soil surface, contribute to control invasive plants since
they exert a suppresive effect on the growth of these
plants. An appropriate cover can prevent erosion, main-
tain the organic matter content and allow culture sus-
tainability. Derpsch et al. (1986) recommended a con-
servation management, such as no tillage, and a straw
cover in order to save time, fuel and work.
Nevertheless, recent studies (Bertol et al., 2007)
proved that some conservation systems increase the loss-
es of certain nutrients, such as phosphorus, from soils. It
has been seen that the main factors controlling sustain-
ability of resources are tillage systems, cultured crops,
machinery and soil coverage by residues. More studies
that consider all these characteristics are needed in order
to enhance our knowledge in agricultural sustainability.
Although different characteristics of soybean have
been previously studied in this or in a similar framework
(Santos et al., 1994a; Barrios et al., 2006; Di Ciocco et
al., 2008), reported results differed considerably
depending on the considered trait. This fact may reflect
a lack of suitability in certain culture traits in order to
describe the effects of management techniques and cov-
erages.
Following these premises, the aim of the present
study was to determine the influence of different tillages
systems and cover crops on several traits of a soybean
cultivar and the yield of this crop. Finally, considera-
tions on the suitability of the studied characteristics for
describing the variability regarding tillage system and
cover crop are discussed.
Material and methods
This experiment was performed in the agricultural
year 2004-2005 at the “Lageado” Research Station,
located at the Agronomic Sciences Faculty of UNESP,
Campus Botucatu (22º 49’ S, 48º 25’ W, 770 masl, mean
slope 0.045 m m-1 exposed to North) in São Paulo,
Brazil. This area has been cultivated using the same
treatments as the ones later described for this study
since 2000.
Soils at the site were classified a Paleudult [Soil Sur-
vey Staff, 2006]. Textural analysis showed that the soil
presented 113 g kg-1 sand, 296 g kg-1 silt and 591 g kg-1
clay in the 0 to 20 cm layer. Fertilization was carried out
considering a soil chemical analysis: 5.5 pH in CaCl2,
41 mg dm-3 P, 4.1 mmolc dm-3 K+, 51 mmolc dm-3 Ca+2,
23 mmolc dm-3 Mg+2, 34 mmolc dm-3 H+ + Al+3, 0.0
mmolc dm-3 Al+3, 3 mg dm-3 S, 0.33 mg dm-3 B, 2.8 mg
dm-3 Zn+2, and 70% of base saturation.
The experimental design was in randomised blocks
with four replications for each treatment. The treat-
ments were three tillage systems: conventional tillage
(CT), reduced tillage (RT) and no tillage (NT). More-
over, three cover crops were established: black oat
(Avena strigosa), sorghum (Sorghum vulgare L.) and
spontaneous vegetation. Thus, a total of nine treat-
ments (each a combination of a tillage system and a
vegetal cover) were established. Each experimental
plot measured 150 m2 (7.5 x 20 m, width and length,
respectively).
Conventional tillage was undertaken using a heavy-
disc harrow composed by 81.28 cm discs followed by
passes with a light-disc harrow with 60.96 cm discs.
For reduced tillage, a chisel plow was used with a
rototiller wich consisted of seven parabolic tines, each
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peak was 80 mm long. Regarding vegetal covers, black
oat (Avena strigosa) with 85% germinative capacity
was sown using a planter with a continuous flux and a
distribution of 80 kg ha-1, and 170 mm spacing. In the
case of sorghum, a grain drill (model PST2, Tatu
Marchesan) was used, distributing 12 seeds by meter
each line, its germinative capacity was 91% and the
spacing 450 mm.
Soybean cultivar IAC 19, with a germinative capaci-
ty of 92% and a purity of 88% was sown at a density of
21 seeds per meter in each row. Fertilization was provid-
ed as 300 kg ha-1 of 04-30-20 N, P2O5, K2O, respective-
ly. A grain drill (model PST2, Tatu Marchesan) was used
for sowing the soybean; this planter had 6 sowing lines
spaced 450 mm and it was connected to a John Deere
6600 tractor with 89 kW (121 hp) which was the same
engine used in all the tillage operations. For the agro-
chemical applications, a condor-400 bar sprayer (400 L
capacity) was utilised, it was connected to a MF 235
(Massey Ferguson) tractor which had a power of 27 kW
(37 hp).
The observed soybean traits were: plant height, initial
and final plant density, height of the first-pod insertion,
thousand-grain weight, number of pods per plant, num-
ber of grains per pod, and crop yield. These traits were
determined at harvest except the plant density which
was also measured at the beginning of the experiment,
specifically, 7 days after full emergence.
In the case of plant height, number of pods per
plant, and number of grains per pod variables, 10
plants were randomly collected at each plot. Plant
height was considered as the distance from the soil to
the apical meristem of the main stem. First-pod inser-
tion was accounted for as the distance from the main
stem to the first-pod insertion. Number of pods per
plant was assessed from the plants used in the determi-
nation of plant height and first-pod insertion. Then,
pods were counted and the average per plant was cal-
culated. For the variables thousand-grain weight, crop
yield, and initial and final density of plants, 4.5 m2
(two sowing rows and 5 m length) subplots in each plot
were considered. These measurements were made in
laboratory conditions after drying the plants or the
grains into a stove.
Analyses of data were carried out using SISVAR
software (Ferreira, 2000). Analysis of variance was
done in order to separate means for the various treat-
ments. Least significant differences were reported at 
P < 0.05. Tukey test at 5% of significance was used for
mean comparison.
Results
During the growth of the soybean crop (December
2004 to April 2005), precipitation was normal for the
region. Total monthly rainfall varied from 65.6 mm in
February 2005 to 424.4 mm in January 2005.
No significant differences were observed on plant
height among the different treatments studied (Table 1).
However, slightly higher values were observed under
CT except in the case that soybean was preceded by
spontaneous vegetation when it presented the lowest
plant height for the three tillage systems. Minimum
average value was observed for the combination of RT
after sorghum cover with a value of 70.05 cm (Table 1).
Moreover, RT showed the lowest plant height value for
the average of the three coverages.
Plant density average data are presented in Tables 1
and 2. No significant differences were observed among
treatments for this characteristic either the initial or the
final density. In the case of initial plant density, values
were very similar among tillage systems and coverages.
However, initial plant density was always higher than
final plant density. In addition, the maximum plant den-
sity average value, either initial or final, was observed
for the combination of NT after black oat cover (Tables
1 and 2).
Regarding the height of the first-pod insertion (Table
2), higher values were observed under CT and NT. Like-
wise, spontaneous vegetation cover presented the high-
er mean values for this variable. Nevertheless, these dif-
ferences proved to be non-significant except in the case
of the average values for each coverage; in this case,
soybean grown after a black oat coverage showed the
lowest values for this trait.
Weight of a thousand grain proved to be significant-
ly higher in CT and NT, 152 and 138.22 g, respectively,
than in RT, 134.5 g (Table 3). The lowest average values
for this trait were observed after coverage of sorghum.
Although no-significant differences were observed
accounting for soil coverage, soybean grown after black
oat cover presented the highest average value for this
trait, 148.53 g, while the lowest was observed after
sorghum cover (137.7 g).
Number of pods per plant proved to be a variable
highly dependent on the treatment since significant dif-
ferences were observed among almost all the combina-
tions of tillage systems and cover crops (Table 3). In this
case, CT and RT showed higher average values for this
trait than NT. The highest values were observed after
black oat cover (75.5, 74.9 and 65.25 pods per plant for
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CT, RT and NT, respectively) and the lowest ones after
spontaneous vegetation (65.45, 65.77 and 64.32 pods
per plant for CT, RT and NT, respectively).
Number of grains per pod was another treatment-sen-
sitive variable (Table 4). Higher values for this trait were
observed under CT and RT than under NT. After black
oat coverage, soybean produced the highest average val-
ues for this feature (2.86 grains per pod), whereas after
sorghum and spontaneous vegetation, it presented the
same average value (2.49 grains per pod).
In addition, soybean crop yield (Table 4) did not
present significant differences among treatments.
However, CT yielded the highest value, 1488 kg ha-1,
while NT produced the lowest one, 1315 kg ha-1.
Accounting for covers, soybean grown after black oat
yielded 1451 kg ha-1, the highest value against 1359
and 1375 kg ha-1 after sorghum and spontaneous vege-
tation, respectively.
ANOVA analysis identified significant interaction
effects between soil tillage systems and plant covers
only for two of the studied variables: number of pods
per plant (p-value = 0.02) and number of grains per pod
(p-value = 0.02). For the rest of the variables, no inter-
action effect was detected: plant height (p-value = 0.64),
initial plant density (p-value = 0.77), final plant density
(p-value = 0.76), height of the first-pod insertion (p-
value = 0.9), thousand-grain weight (p-vaue = 0.7) and
crop yield (p-value = 0.62).
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Means followed by the same letter (small in columns and capital in rows) are non-significant according to Tukey test, p = 5%.
Cover crops
Soil tillage systems
Averages
Conventional Reduced No tillage
Plant height (cm)
Black oat 77.05 (± 7.73) aA 70.95 (± 7.27) aA 73.85 (± 9.60) aA 73.95 a
Sorghum 76.55 (± 7.61) aA 70.05 (± 6.17) aA 71.25 (±-6.80) aA 72.62 a
Spontaneous vegetation 75.50 (± 11.76) aA 77.50 (± 5.77) aA 76.90 (± 5.77) aA 76.60 a
Averages 76.37 A 72.83 A 74.00 A
Initial plant density (plants m-1)
Black oat 15.44 (± 1.29) bB 14.98 (± 1.41) bB 15.68 (± 0.58) bB 15.36 b
Sorghum 14.98 (± 1.41) bB 14.98 (± 1.15) bB 15.21 (±1.29) bB 15.05 b
Spontaneous vegetation 15.44 (± 0.50) bB 15.44 (± 0.50) bB 15.21 (±1.50) bB 15.36 b
Averages 15.28 B 15.13 B 15.36 B
Table 1. Plant height and initial plant density average values for soybean cv. IAC 19 as a function of tillage systems and cover
crops
Means followed by the same letter (small in columns and capital in rows) are non-significant according to Tukey test, p = 5%.
Cover crops
Soil tillage systems
Averages
Conventional Reduced No tillage
Final plant density (plants m-1)
Black oat 13.25 (± 0.96) aA 13.03 (± 0.82) aA 13.54 (± 0.58) aA 13.25 a
Sorghum 13.03 (± 0.82) aA 12.96 (± 1.41) aA 12.74 (± 1.26) aA 12.88 a
Spontaneous vegetation 13.25 (± 0.96) aA 12.74 (± 0.96) aA 12.46 (± 1.00) aA 12.81 a
Averages 13.18 A 12.88 A 12.88 A
Height of the first-pod insertion (cm)
Black oat 12.43 (± 2.49) bB 10.98 (± 3.77) bB 10.85 (± 2.24) bB 11.42 b
Sorghum 13.83 (± 3.51) cC 11.83 (± 2.33) bB 15.10 (± 1.78) cC 13.58 c
Spontaneous vegetation 15.20 (± 3.55) cC 13.83 (± 1.83) cC 14.68 (± 2.82) cC 14.57 c
Averages 13.82 C 12.21 B 13.54 C
Table 2. Final plant density and height of the first-pod insertion average values for soybean cv. IAC 19 as a function of tillage
systems and cover crops
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Discussion
Plant height results were in accordance with those
found by Santos et al. (1994a) who evaluated several
agronomic characteristics of soybean culture under dif-
ferent soil tillage systems at Roraima (Brazil). They
detected no significant differences in relation to plant
height. However, they observed lower growths in soy-
bean plants under no tillage conditions than those in
conventionally tilled fields. In contrast, Lopes et al.
(2007) reported significant differences between NT and
CT conditions in soybean plant height, being signifi-
cantly higher those plants grown under NT. The results
from the current study reported no significant differ-
ences among treatments, however, slightly lower plant
heights were measured under NT than under CT condi-
tions.
Santos (1991) compared initial and final soybean
plant density under different conditions of tillage and
crop cover, this author observed that NT presented the
highest number of plants and this value was significant-
ly higher to that observed under RT conditions. Anaele
and Bishnoi (1992) observed the opposite effect which
was explained by a better contact between soil and soy-
bean seeds provided by CT. In the current work, the fact
that no-significant differences were observed on plant
Means followed by the same letter (small in columns and capital in rows) are non-significant according to Tukey test, p = 5%.
Cover crops
Soil tillage systems
Averages
Conventional Reduced No tillage
Thousand-grain weight (g)
Black oat 152.22 (± 26.88) aA 145.98 (± 9.48) aA 147.38 (± 17.68) aA 148.53 a
Sorghum 148.13 (± 11.14) aA 128.08 (± 11.77) bB 136.90 (± 9.27) aA bB 137.70 ab
Spontaneous vegetation 155.65 (± 16.31) aA 129.45 (± 12.71) bB 130.38 (± 25.32) aA bB 138.49 ab
Averages 152.00 A 134.50 B 138.22 AB
Number of pods per plant
Black oat 75.50 (± 2.08) cC 74.99 (± 2.94) cC 65.25 (± 2.22) cC D 70.73 c
Sorghum 69.89 (± 6.22) cC d 66.26 (± 1.50) Cd 63.20 (± 1.50) cC 66.42 d
Spontaneous vegetation 65.45 (± 2.52) Cd 65.77 (± 4.11) Cd 64.32 (± 6.35) cC 65.29 d
Averages 70.22 C 68.89 C 63.20 D
Table 3. Thousand-grain weight and number of pods per plant average values for soybean cv. IAC 19 as a function of tillage sys-
tems and cover crops
Means followed by the same letter (small in columns and capital in rows) are non-significant according to Tukey test, p = 5%.
Cover crops
Soil tillage systems
Averages
Conventional Reduced No tillage
Number of grains per pod
Black oat 3.24 (± 0.29) aA 3.28 (± 0.21) aA 2.19 (± 0.16) aB 2.86 a
Sorghum 2.69 (± 0.36) bA 2.53 (± 0.05) bA 2.28 (± 0.10) aA 2.49 b
Spontaneous vegetation 2.37 (± 0.10) bA 2.50 (± 0.38) bA 2.37 (± 0.43) aA 2.49 b
Averages 2.76 A 2.72 A 2.28 B
Crop yield (kg ha-1)
Black oat 1470 (± 309.05) cC 1507 (± 149.29) cC 1375 (± 203.80) cC 1451 c
Sorghum 1463 (± 97.25) cC 1276 (± 117.20) cC 1338 (± 193.23) cC 1359 c
Spontaneous vegetation 1530 (± 157.47) cC 1363 (± 66.04) cC 1232 (± 298.30) cC 1375 c
Averages 1488 C 1382 C 1315 C
Table 4. Number of grains per pod and crop yield average values for soybean cv. IAC 19 as a function of tillage systems and
cover crops
density, both initial and final, for the studied treatments
may be explained because the climatic conditions did
not compromise soybean emergence or establishment
since no water stress was observed during the cycle of
the culture.
First-pod insertion values were significantly higher
after covering the soil with sorghum or with sponta-
neous vegetation than when it was covered with black
oat. In case that first-pod insertion is located higher in
the plant, more grain losses caused by wind and other
mechanical factors are expected, as pointed out by
Mesquita et al. (2002), this fact may reduce the final
yield of the crop.
Results for weight of a thousand grains observed in
this study were of the same order of magnitude than
those reported by Lopes et al. (2007). This variable
proved to be sensitive to tillage; however, it showed no
significant differences regarding soil coverage. This is
contrasting with the findings of Lopes et al. (2007) who
detected differences with the covers and not with the
tillage. Probably, these differences were caused by the
fact that the covers they considered were different from
those accounted for in the present study.
Santos and Reis (1994) reported no significant differ-
ences in the number of pods per plant regarding soil
management. These results are different from those
observed in the current study which may be caused by
the fact that the crop covers analysed by this author dif-
fered from those accounted in this work. In addition,
since this variable was affected by an interaction of soil
system and plant cover, a plausible explanation for this
result is that the effect of this interaction was the cause
of the significant differences between treatments and
they were not only caused by one factor.
Moreover, reported results by Santos et al. (1994a)
differed from those observed in this study regarding the
number of grains per pod. They did not find significant
differences in this trait for the treatments considered
whereas results from this study indicate that soybean
grown under NT produced lower average values of
grains per pod compared to that grown under NT or RT
conditions. As in the case of the number of pods per
plant, number of grains per pod was affected by an
interaction of the studied factors which may have
caused the observed differences.
Crop yield showed no significant differences regard-
ing the tillage systems and covers studied. These results
are in accordance with those obtained by Derpsch et al.
(1985) and Santos et al. (1994b) who studied soybean
cultures under different tillage systems after black oat
covers. In addition, Kluthcouski et al. (2000) observed
the same between different tillage systems. However,
Barrios et al. (2006) observed significantly higher
yields in soybean crops under CT than in NT systems in
a rotation maize/soybean. Lopes et al. (2007) found sig-
nificantly higher yields in soybean crops under CT com-
pared to NT depending on the previous cover used,
which were different from the ones used in the current
study. Other authors such as Di Ciocco et al. (2008)
reported higher values for NT conditions.
In the current study, the highest value for crop yield
was observed under CT conditions after a spontaneus
vegetation cover, 1530 kg ha-1. Although not significant,
this value was 298 kg ha-1 higher than that observed
under NT system after spontaneous vegetation cover,
which presented the lowest yield value. CT promoted
higher yields likely because of higher incorporation of
vegetal residues into the soil, mineralization, and nutri-
ent availability for plants. Lower yield values under NT
conditions occurred because of the lower numbers of
grains per pod, and pods per plant associated with a
higher soil compaction along the four years during
which this NT was established, a similar explanation
was suggested by Ferreras et al. (2001). Yield values
were lesser than those find by Lopes et al. (2007) who
studied the effect of various covers on soybean crops,
furthermore, they identified significant differences in
the yields from NT and CT conditions, being higher
those under CT, probably due to the effect of fertilizers.
In our case, equivalent results among treatments are in
accordance with the results obtained by Kluthcouski et
al. (2000).
Since plant height, plant density, and height of the
first-pod insertion did not show significant differences
among treatments, these variables can be considered
more dependent on other factors, i.e. crop rotation or
mycorrhiza nodulation, than those considered in this
study. Thus, further research accounting for these fac-
tors are recommended.
In summary, the three cover crops analysed, i.e. black
oat, sorghum, and spontaneous vegetation, can be con-
sidered as excelent coverages for preceding soybean in
a crop rotation system.
As conclusions, under the conditions of this research,
some soybean traits did not present significant differ-
ences among treatments. Hence, these characteristics
are more dependent on other variables than those con-
sidered in this study. In addition, other traits, such as
number of pods per plant and number of grains per pod,
can be considered as good indicators of the soil manage-
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ment. The fact that no significant differences were
found in the soybean yields under the different soil
tillage systems makes difficult to conclude what prac-
tice is the best for achieving greater yields.
Extrapolation of these results is difficult; however,
they can be regarded as an useful basis for selecting
plant traits on similar researches. In summary, the cov-
ers studied might be regarded as appropriate for preced-
ing soybean in a crop rotation system.
Acknowledgements
The authors are grateful to Maury T. da Silva for his
help in the labwork. Thanks are also given to Acássio T.
Filho and Aparecido B. Ramom for driving the tractors.
Authors are indebted to the Universidade Estadual
Paulista “Júlio de Mesquita Filho” for providing the
facilities and accompanying this experiment.
References
AMADO T.J.C., COGO N.P., LEVIEN R., 1989. Eficácia rel-
ativa do manejo do resíduo cultural de soja na redução das
perdas de solo por erosão hídrica. R Bras Ci Solo 13, 251-
257. [In Portuguese].
ANAELE A., BISHNOI U.R., 1992. Effect of tillage, weed
control method and row spacing on soybean yield and cer-
tain soil properties. Soil Till Res 23, 333-342. doi:
10.1016/0167-1987(92)90079-Q.
BARRIOS M.B., BOZZO A.A., DEBELIS S.P., PEREYRA
A.M., BUJÁN A., 2006. Soil physical properties and root
activity in a soybean second crop/maize rotation under
direct sowing and conventional tillage. Span J Agric Res 4,
355-362.
BERTOL I., ALBUQUERQUE J.A., LEITE D., AMARAL
A.J., ZOLDAN W. Jr., 2004. Propriedades físicas do solo
sob preparo convencional e semeadura direta em rotação e
sucessão de culturas, comparadas às do campo nativo. R
Bras Ci Solo 28, 155-163. [In Portuguese]. doi: 10.1590/
50100-06832004000100015.
BERTOL I., ENGEL F.L., MAFRA A.L., BERTOL O.J., RIT-
TER S.R., 2007. Phosphorus, potassium and organic car-
bon concentrations in runoff water and sediments under
different soil tillage systems during soybean growth. Soil
Till Res 94, 142-150. doi: 10.1016/j_still.2006.07.008.
CAMACHO-TAMAYO J.H., RODRÍGUEZ G.A., 2007.
Evaluation of tillage tools at different working speeds and
soil water contents. Agricultura Técnica (Chile) 67, 60-67.
CARVALHO F.L.C., COGO N.P., LEVIEN R., 1990. Eficácia
relativa de doses e formas de manejo do resíduo cultural de
trigo na redução da erosão hídrica do solo. R Bras Ci Solo
14, 227-234. [In Portuguese].
DERPSCH R., SIDIRAS N., HEINZMANN F.X., 1985.
Manejo do solo com coberturas verdes de inverno. Pesqui
Agropecu Bras 20, 761-773. [In Portuguese].
DERPSCH R., SIDIRAS N., ROTH C.H., 1986. Results of
studies made from 1977 to 1984 to control erosion by
cover crops and no-tillage techniques in Paraná, Brazil.
Soil Till Res 8, 253-263. doi: 10.1016/0167-
1987(86)90338-7.
DI CIOCCO C., COVIELLA C., PENÓN E., DÍAZ-ZORITA
M., LÓPEZ S., 2008. Short communication. Biological
fixation of nitrogen and N balance in soybean crops in the
pampas region. Span J Agric Res 6, 114-119.
DICKEY E.C., SHELTON D.P., JASA P.J., PETERSON T.R.,
1984. Tillage, residue and erosion on moderately sloping
soils. T ASAE 27, 1093-1099.
FERREIRA D.F., 2000. Análises estatísticas por meio do Sis-
var para Windows versão 4.0. Proc. 45 Reunião Anual da
Região Brasileira da Sociedade internacional de Biome-
tria, Universidade Federal de São Carlos (UFSCar), p. 255-
258. [In Portuguese].
FERRERAS L.A., DE BATTISTA J.J., AUSILIO A., PECO-
RARI C., 2001. Parámetros físicos del suelo en condi-
ciones no perturbadas y bajo laboreo. Pesqui Agropecu
Bras 36, 161-170. [In Spanish].
KLUTHCOUSKI J., FANCELLI A., DOURADO NETO D.,
RIBEIRO C.M., FERRARO L.A., 2000. Manejo do solo e
o rendimento da soja, milho, feijão e arroz em plantio dire-
to. Sci Agric 57, 97-104. [In Portuguese].
LOPES P.R.C., COGO N.P., CASSOL E.A., 1987. Influência
da cobertura vegetal morta na redução da velocidade da
enxurrada e distribuição de tamanho dos sedimentos trans-
portados. R Bras Ci Solo 11, 193-197. [In Portuguese].
LOPES R.A.P., NETO R.P., BRACCINI A.L., DE SOUZA
E.G., 2007. Efeito de diferentes coberturas vegetais e sis-
temas de preparo do solo na produção da cultura da soja.
Acta Sci Agron 29, 507-515. [In Portuguese].
McGREGOR K.C.C., MUTCHLER C.K., RÖMKENS
M.J.M., 1990. Effects of tillage with different crop residue
on runoff and soil loss. T ASAE 33, 1551-1556.
MESQUITA C.M., COSTA N.P., PEREIRA J.E., MAURINA
A.C., ANDRADE J.G.M., 2002. Perfil da colheita mecâni-
ca da soja no Brasil: safra 1998/1999. Engenharia Agríco-
la 22, 398-406. [In Portuguese].
NEGI N.C., RAGHAVAN G.S.V., McKYES E., TAYLOR F.,
1990. The effect of compaction and minimun tillage and
corn yields and soil properties. T ASAE 33, 744-747.
Effects of tillage and cover on soybean 179
SALAKO F.K., OLOWOKERE F.A., TIAN G., KIRCHHOF
G., OSINAME O., 2007. Ground cover by three crops
cultivated on marginal lands in southwestern Nigeria and
implication for soil erosion. Span J Agric Res 5, 497-
505.
SANTOS H.P. DOS, 1991. Soja em sucessão a aveia bran-
ca, aveia preta, azevém e trigo: Características
agronômicas. Pesqui Agropecu Bras 26, 1563-1576. [In
Portuguese].
SANTOS H.P. DOS, REIS E.M., 1994.Rotação de culturas
em Guarapuava. XVII- Eficiência Energética dos sistemas
de rotação e preparo. Pesqui Agropecu Bras 29, 1075-
1081. [In Portuguese].
SANTOS H.P. DOS, PEREIRA L.R., REIS E.M., 1994a.
Rotação de culturas em Guarapuana. XII. Efeitos de sis-
temas de sucessão de culturas sobre o rendimento de grãos
e sobre outras características agronômicas da soja, em
plantio direto. Pesqui Agropecu Bras 29, 907–916. [In Por-
tuguese].
SANTOS H.P. dos, FANCELLI A.L., REIS E.M., 1994b. Bal-
anço energético de sistemas de rotação de culturas para
trigo, em plantio direto. Pesqui Agropecu Bras 29, 1067-
1073. [In Portuguese].
SERRANO J.M., PEÇA J.O., 2008. The forward speed effect
on draught force required to pull trailed disc harrows. Span
J Agric Res 6, 182-188.
SERRANO J.M., PEÇA J.O., PINHEIRO A.C., CARVALHO
M., 2008. Short communication. Evaluation of the energy
requirements in tractor-disc harrow systems. Span J Agric
Res 6, 205-209.
SCHICK J., BERTOL I., BATISTELA O., BALBINOT A.A.
Jr., 2000. Erosão hídrica em Cambissolo Húmicoalumíni-
co submetido a diferentes sistemas de prepare e cultivo do
solo: I. Perdas de solo e água. R Bras Ci Solo 24, 427-436.
[In Portuguese].
SOIL SURVEY STAFF, 2006. Keys to soil taxonomy. USDA
Natural Resources Conservation Service. Washington DC,
326 pp.
180 J. G. Lança Rodríguez et al. / Span J Agric Res (2009) 7(1), 173-180
